In 1981 over one billion dollars will be spent sustaining the lives of patients with end-stage renal disease by hemodialysis and renal transplantation, but less than 0.02% of this amount will be invested in studies of nephrotoxicity (1) . Any knowledge of the effect of industrial waste on human kidney disease gained from this miniscule effort will probably be serendipitous. Our monumental ignorance of this subject appears to have two sources be useful for detecting toxin exposure is 6-p3-hydroxycortisol excretion. This adrenocortical metabolite has been reported to be increased following dioxan exposure and decreased following lead exposure. Such indirect approaches may be particularly important for identifying the biologic consequences of vast numbers of organic chemicals produced by industry. Nevertheless, immediate prospects for establishing etiologic significance of organic pollutants including pesticides are less promising than are the prospects for establishing heavy metal toxicity.
Since many of the foregoing generalizations arise from my personal experience with lead nephropathy over the past decade, it may be worthwhile to review some of the specific lessons. For purposes of this discussion I will not reiterate the clinical data we have collected or try to persuade you of the validity of our conclusions. Rather, I will ask you to suspend disbelief for a moment, accept our conclusions and contemplate how such clinical observations might have been overlooked for so long a time. Very briefly, our studies show that lead nephropathy is common among asymptomatic workers occupationally exposed to lead (3) . Furthermore, lead appears to contribute to the renal disease encountered in gout patients and usually termed "gouty nephropathy" (4) . Finally, our studies suggest that lead may explain the occurrence of renal failure in many hypertensive patients usually thought to have "essential" hypertension (5 The relevant lessons from these studies are, I think, as follows: (1) textbook descriptions ofchronic poisoning do not provide criteria for the diagnosis of subelinical toxicity; (2) blood and urine measurements are often inadequate for assessment of chronic exposure; (3) prevention and treatment cannot be instituted until pathogenesis is understood. Finally, early nonglomerular renal disease cannot be found by measuring proteinuria and serum creatinine. There is another lesson which, I am afraid, is of considerable relevance to a symposium on research needs: apart from the Veterans Administration Research Service, no other federal agency would support this work nor would any one of several private foundations. Review committees from the NIH, NIOSH, EPA and NSF have repeatedly rejected proposals for lead studies prepared from a variety of points of view by a variety of investigators. Not only is the funding bureaucracy (of which I am a sometimes member) unwilling to take risks, but they are reluctant or unable to cross traditional research lines.
It may be noteworthy that despite the Veterans Administration's support of lead nephropathy studies over the past two decades, the VA has received little recognition for its contributions in this field. A recent National Academy of Science report on government sponsored lead research identifies the Veterans Administration among those agencies not engaged in significant research in lead. I am inclined to agree with Clair Pattersons's minority opinion included in the NAS report (6) , which can be paraphrased as follows: it is precisely the obscurity of the VA endeavor that has permitted this agency to support research that does not simply confirm preexisting concepts.
Despite the limited resources devoted to understanding the effect of environmental toxins on the kidney, some promising insights have been gained in the last decade. Surprising interactions between metals (7) and between organic compounds and metals (8) have been found when experiments were designed to elucidate such complexities. It has recently been shown that certain organic pollutants sensitize the kidney to the toxic effects of other organic compounds. Kluwe and Hook (9) at the NIEHS have made major strides in clarifying the nephrotoxic interactions of several organic compounds in animal models. They have recently demonstrated in rats, for example, that increased renal susceptibility to toxins is transmitted to pups in maternal milk by dams fed polybrominated biphenyls (10) .
The study of the effects of toxic wastes is necessarily multidisciplinary. The glomerulonephritis and interstitial nephritis induced by chronic low-dose exposure to toxic agents may be immunologically mediated. Epidemiologic studies have provided suggestive evidence that solvent fumes increase susceptibility to the development of glomerulonephritis in man (11) . Although these conclusions are based entirely on historical information recalled by patients, the hypothesis warrants careful prospective evaluation in the industrial setting and animal research laboratory. Immunologic mediation has been more clearly demonstrated in studies of mercury-induced glomerulonephritis in rats by Druet and his associates in France (12) . Their work suggests that mercuric chloride elicits glomerular immune disease by effects on immunocompetent lymphocytes rather than by modification of endogenous antigens. Glomerular disease due to mercury may therefore be unrelated to the mercury content of the kidney in contrast to acute tubular necrosis which is dependent on cellular accumulation of the toxic metal. This rat model may have important implications for the pathogenesis of mercury-induced proteinuria in man. The sporadic appearance of nephrotic syndrome induced by environmental toxins will not, however, meet Koch's postulates until our knowledge of immunogenetics is greatly refined.
The answers to most questions about environmental nephrotoxins are dependent upon advances in basic biology and technology. Crucial stepping stones will, in my opinion, come from studies of membrane structure and function, immunology, genetics, metabolism and cell biology. While awaiting these developments we must exploit available techniques of renal physiology and applied physics.
Concensus is appropriate for political decisionmaking when inadequate information is available, but public confidence in the face of ignorance is fragile. In some ways, the media handling of toxic waste issues reminds me of the medieval response to plague and leprosy-in the absence of the necessary facts, the public's energy is directed towards exorcising the devil. Sound information is a constructive way to dissipate fear of an environment that is perceived to be out of control. Such information will not be easy or inexpensive to acquire. Economic constraints demand that the effort be highly selective. Research at its best is opportunistic -effort must be placed in those areas which current technology and knowledge have ripened for fruitful investigation. The questions to attack are not just those that are of most public concern but those that contemporary methodology can resolve. We are likely to be overwhelmed with the expense of such "intermediate technologies" as dialysis and transplantation until we are willing to invest sufficient resources in research to make preventive nephrology a reality.
